To investigate whether or not peripheral retinal defocus contributes to the refractive development of myopia by influencing the overall accommodative function. The steady-state accommodative stimulus response curve (ASRC) and the near-work induced transient myopia (NITM) after a near visual task were compared between different visual field conditions in emmetropes (EMMs), stable myopes (SMs) and progressing myopes (PMs). Results showed that visual field had no effect on the ASRC and NITM but PMs exhibited greater NITM than EMMs and SMs. The results of this study suggest that peripheral defocus does not influence the overall accommodative system so its probable contribution to myopia development is not via the accommodative system.
Introduction
It is well acknowledged that myopia, characterized by the abnormal axial elongation of the eyeball, is both heredity-based and environmentally-influenced (Feldkämper & Schaeffel, 2003; Ip, Rose, Morgan, Burlutsky, & Mitchell, 2008; Jacobi, Zrenner, Broghammer, & Pusch, 2005; Young, Metlapally, & Shay, 2007) . Recent studies on the relationship between near visual work and the development of myopia focused on the defocus of the retinal image. Retinal defocus due to imposing negative lenses on the eyes has successfully induced experimental myopia in many animal species (Hung, Crawford, & Smith, 1995; Irving, Callender, & Sivak, 1991; Schaeffel & Howland, 1991; Siegwart & Norton, 1999; Smith & Hung, 1999) , indicating that hyperopic defocus of the retinal image is a myopigenic factor. In human beings, retinal defocus has also been associated with near-work related myopia development (Gilmartin, 2004; Jiang, Schatz, & Seger, 2005; Rosenfield & Gilmartin, 1998; Saw, Chua, Hong, Wu & Chan, 2002) . Because of the close relationship between retinal defocus and accommodation, numerous studies have focused on the role of accommodation in near-work related myopic development. Myopes show greater lag of accommodation than emmetropes (Abbott, Schmid, & Strang, 1998; Gilmartin, 1998; Gwiazda, Thorn, Bauer, & Held, 1993; McBrien & Millodot, 1986) . In comparison with stable myopes (SMs) and emmetropes (EMMs), progressing myopes (PMs) exhibit increased levels of near-work induced transient myopia (NITM), i.e. the increased accommodative response to the distant target, after sustained nearwork (Ciuffreda & Wallis, 1998; Hung & Ciuffreda, 1999a; Vera-Diaz, Strang, & Winn, 2002) . These studies indicate that inaccurate accommodation during or after nearwork and consequently the defocus of the retinal image may play an important role in myopia development (Hung, Ciuffreda, Khosroyani, & Jiang, 2002) .
Previous investigations mostly concentrated on the impact of central retinal defocus on myopia development. However, recently, more attention has been directed to peripheral vision and its influence on myopia development. Smith, Kee, Ramamirtham, QiaoGrider, and Hung (2005) successfully induced axial myopia in monkeys using peripheral form deprivation and observed the emmetropization with isolated peripheral vision. Peripheral defocus seems to be an independent factor in myopic development. Recently, Mutti, Hayes, Mitchell, Jones, and Moeschberger (2007) found that children who became myopic had more hyperopic relative peripheral refractive errors than the children who did not become myopic. The major change in relative peripheral refractive error occurred during the year before the onset of myopia. Studies show that myopic eyes are more hyperopic in the peripheral retina relative to the fovea when compared with hyperopic eyes (Love, Gilmartin, & Dunne, 2000; Millodot, 1981; Mutti, Sholtz, Friedman, & Zadnik, 2000; Seidemann & Schaeffel, 2002) . Off-axis variations in refractive error or image quality are reported to influence overall refractive development (Stone & Flitcroft, 2004; Wallman & Winawer, 2004) . All the evidence suggests that peripheral retinal defocus contributes to the development of myopia. However, the mechanism of how the peripheral retinal defocus induces the global axial elongation remains unclear. One possibility is that peripheral retinal defocus, as a part of visual input of the accommodative control system, influences the overall blur-driven accommodation. Abnormal accommodation causes axial elongation via mechanically based scleral stretching (Drexler, Findl, Schmetterer, Hitzenberger, & Fercher, 1998; Mallen, Kashyap, & Hampson, 2006; Mutti et al., 2000) . Another possibility is that peripheral defocus acts as a local signal that triggers the biochemical cascade involving neural transmitters and growth factors which lead to axial elongation of the eyeball (Hung & Ciuffreda, 2007; McBrien & Gentle, 2001; Wallman & Winawer, 2004) .
Regarding the first possibility, a previous study showed that the reduced blur sensitivity of the near peripheral retina decreases the overall sensitivity of the accommodative system to the stimulus (Ciuffreda, Wang, & Wong, 2005) . Then, the question becomes whether the peripheral retinal defocus can alter the accommodative response. Early studies that investigated the relationship between retinal eccentricity and accommodation suggested that only central foveal stimulation could elicit accommodation (Campbell, 1954; Fincham, 1951; Heath, 1956) . Phillips (1974) found that the dynamic accommodative response reduced rapidly when a stimulus was located in a small region around the fovea and was almost absent at 10°. On the contrary, Whiteside (1957) reported that a peripheral only target was able to induce accommodation. Gu and Legge (1987) observed that the magnitude of accommodative response varied from 4 D at 1°to 1-2 D at 30°eccentricity of a 6 D stimulus. Hung and Ciuffreda (1992) observed a moderate slope fall-off of accommodative gain as eccentricity increased to 4°. Indirect evidence was provided by Semmlow and Tinor (1978) in their findings of a significant accommodative convergence to peripheral stimuli up to eccentricity of 6°. The decrease of effectiveness with the increase of retinal eccentricity was also predicted by a theoretical model suggested by Charman (1986) and confirmed by Bullimore and Gilmartin (1987) . For the situation when the central target was presented with a conflicting peripheral target, studies found that a near peripheral stimulus could lead to an over-accommodative response to a distant central target in the condition called ''instrument myopia" (Baker, 1966; Schober, Dehler, & Kassel, 1970) . Hennessy and Leibowitz (1971) found that surrounding circular targets with an angular substance of 1°and 4°c ould significantly affect accommodation when the subject viewed a degraded fixation object. In addition, Hennessy (1975) found that a peripheral target (angular substance of 8-12°) can affect accommodation but the response depends upon the amount of its detail. Chong and Trigges (1989) used a distant central small target at an optical distance of 0.17 D and a near circular contour with an angular substance of 0.23°at 2 D and found that the accommodative response was pulled from the dark focus towards the distant central target.
Previous studies investigated only the effect of peripheral defocus on accommodation when the central target contains inadequate detail for accommodation. This is very different from the peripheral defocus situation in a reading task. When a subject views a book or computer screen positioned at near, the materials within the visual field of 40°only have a small difference in vergence between the center and peripheral areas. For example, at a reading distance of 40 cm the accommodative stimulus provided by central and peripheral 20°materials is 2.5 D and 2.35 D, respectively. In addition, for normal reading material, the details are the same from the central part to the peripheral part. Considering the probable contribution of abnormal accommodation in a reading task to myopia development, we conducted this study to investigate whether peripheral vision has an effect on the overall accommodative functions in this condition.
In this study, we altered the angular substance of the target to provide peripheral defocus stimulus combined with effective central accommodative stimulus. Considering that deficient steadystate accommodative function and susceptibility to accommodative adaptation are two main abnormalities of accommodation in myopes, we investigated whether the visual field has an impact on the steady-state accommodative stimulus response curve (ASRC) and the NITM after a near visual task, and whether this impact differs in the different refractive error groups.
Methods

Experiment 1
The purpose of this experiment was to investigate whether the angular substance of target has any effect on ASRC and whether the effect differs between the refractive error groups.
Subjects
Thirty optometry students in Nova Southeastern University, 21-37-years old (mean ± SD, 24.0 ± 3.1 years) including 5 males and 25 females, participated in the first experiment. Full subjective binocular refraction was performed prior the experiment. With the exception of three subjects using trial lenses to correct refractive error, the other myopes wore soft contact lenses to ensure that the refractive error was corrected to within ±0.25 D during the experiment. All subjects were free of ocular disease, had no anisometropia (i.e. had less than 1.00 D difference in spherical equivalents (SE) between the eyes), had corrected monocular visual acuity of 20/20 or better, and had no more than À1.50 D of astigmatism. They all had normal binocular vision functions.
Subjects were divided into three groups: emmetropes (EMMs) whose SEs were between ±0.25 D; progressing myopes (PMs) whose SEs were more than À0.50 D and increased À0.50 D or more over the past year (Abbott et al., 1998; McBrien & Adams, 1997; Vera-Diaz et al., 2002) ; and stable myopes (SMs) whose SEs were more than À0.50 D and changed less than À0.50 D (Table 1 ). The changes of refractive error were obtained from the medical records of the students. Informed consent was obtained from each subject after the nature and possible consequences of the study were explained. The research followed the tenets of the Declaration of Helsinki and was approved by Nova Southeastern University's Committee for the Protection of Human Subjects. The subjects in experiment 2 experienced the same procedure regarding the informed consent.
Apparatus
Refractive state was measured monocularly on the right eye using a Canon Autoref R-1, which allowed subjects to view a target in open field. The target was a bright Maltese cross presented on a dark background by an 8 in. screen of a portable DVD player (Accurian, US), which was mounted on the autorefractor with a Table 1 Characteristics of the refractive error groups in experiment 1 (mean ± SD).
Characteristics
Refractive error group EMMs (n = 10) SMs (n = 10) PMs (n = 10) distance of 0.19 m from the screen to the trial lens frame. The distance from the trial lens frame to the subject's cornea was 0.014 m. The center of the target was aligned with the autorefractor. In this experiment, three different Maltese cross target sizes were utilized; 1) a large size target which had a horizontal width of 0.163 m and a vertical width of 0.083 m, providing a visual field of 44°Â 23°; 2) a medium size target which had a horizontal width of 0.028 m and a vertical width of 0.020 m, providing a visual field of 8°Â 6°; and 3) a small size target which had a diameter of 0.007 m, providing a circular field of 2°. The experiment was conducted in a dark room. To avoid any accommodative cue from the surrounding area, black paper was used to cover the peripheral screen for the medium and small field conditions. The luminance of the target was 23 cd/m 2 and the luminance of the black background was 0.17 cd/m 2 . Therefore, the target contrast was 0.985.
Procedures
After the subject's right eye was aligned with the autorefractor system, he/she was instructed to look at the center of the target and keep it clear during measurements. The ASRCs were measured in a random order using the three target sizes. The progressively increasing accommodative demand was provided by inserting positive lenses in the trial frame with 1 D step from +5.00 D to 0.00 D (Abbott et al., 1998; Gwiazda et al., 1993) . For each accommodative demand, five valid autorefractor readings were collected and averaged after deleting readings with large errors because of blink or occasionally fixation loss. Each reading was converted into spherical equivalent (SE) by the following formula:
2.1.4. Analysis Taking the effect of the trial lens into account, the actual accommodative stimulus and the accommodative response at the subject's corneal plane were calculated by formulas (2) and (3). These formulas are similar to those used in previous studies (Abbott et al., 1998; Gwiazda et al., 1993) Accommodative
where F = dioptric power of the trial lens; D = distance from the trial lens to the target (À0.19 m); d = distance from the trial lens to the cornea (0.014 m) and R = spherical equivalent of the autorefractor reading at the trial lens plane. The AR/AS gradients and intercepts were obtained by linear fitting of the ARs at the stimuli provided by lens from +4.00 D to 0.00 D. In addition, the ASRCs were fitted by third order polynomial curves. The AR data under different visual fields were analyzed with the repeated-measures analysis of variance (ANOVA). The two independent variables in this analysis were the three visual fields and the three refractive error groups. The dependent variables were the AR to six accommodative demands, the gradient and the intercept of linear fitting of the ASRCs, and the coefficients of the third order curve fitting polynomials of the ASRCs. When significant difference was found by ANOVA, the post-hoc Tukey's HSD and Fisher's LSD were applied to test the difference between the visual fields or the refractive groups.
Experiment 2
The purpose of this experiment was to investigate whether the angular substance of the target during nearwork has any effect on the NITM and whether the effect differs between the refractive error groups.
Subjects
Thirty optometry students in Nova Southeastern University, 22-35-years old (25.0 ± 3.5 years) including 9 males and 21 females, participated in the second experiment. Although the subjects were not exactly the same individuals as in the first experiment, the criteria of recruitment and subdivision were the same (Table 2 ). All myopic subjects used soft contact lenses to correct their refractive errors to within ±0.25 D.
Apparatus
Distant refractive state was measured by the same autorefractor Canon R-1 used in experiment 1. The software for data acquisition was modified to be able to record the time of each measurement. Two visual fields were used in the reading task for accommodative adaptation. The large visual field was limited to 42°by the computer screen that provided the reading materials. For the small visual field, a supplementary device was used to limit the subject's visual field during the reading task. This device contained two apertures with diameter of 4 mm mounted in front of a trial frame. Each aperture was located 3.7 cm in front of the corneal apex of the subject's eye when the subject wore the frame. The distance between the two apertures could be adjusted to fit the interpupilary distance of each subject's eyes. To test the actual visual field, the subject was instructed to look at a fixation target on a computer screen at 33.3 cm in front of the eyes and press the keyboard to enlarge the diameter of a concentric circle until it just disappeared from the visual field. The diameter of that circle was recorded as the actual visual field for each subject. The mean of actual visual fields limited by this device for the 30 subjects was 8.7°± 1.0°(referred to as 8°visual field in the following content).
Procedures
After 3 min dark adaptation to open the accommodation loop, the AR of the right eye was measured while the subject was viewing a 20/50 Snellen E (luminance = 88.7 cd/m 2 and contrast $100%)
at a distance of 5 m. Thirty readings were collected and the average SE was regarded as the pre-task AR. Then the subjects were instructed to read a novel presenting by a computer screen (background luminance = 87.97 cd/m 2 and contrast $100%) at a distance of 33.3 cm. The letter was in Times New Roman font with a vertical width of 3.9 mm. During the reading task, the visual field was limited either by the device with field stops (small field) or by the computer screen (large field). Each subject performed the reading task in a random order with the two visual fields on separate occasions on two consecutive days. Immediately following 20 min reading task, the distant AR was measured again. In order to evaluate the NITM, AR data were continuously collected every 2 s for 120 s.
Table 2
Characteristics of the refractive error groups in experiment 2 (mean ± SD).
Characteristics
Refractive error group EMMs (n = 10) SMs (n = 10) PMs (n = 10) 
Analysis
The post-task distant AR shift was defined as the NITM. All the AR data were transformed into SE by the same formula used in experiment 1. To analyze the decay of the AR, the data for each subject and each visual field condition were divided into ten second bin intervals. For each individual subject, the mean post-task AR shifts of each interval were calculated and plotted against post-task time. Then, Origin 8.0 Software was used to determine the best exponential decay curve fitting and provide time constant of decay. The time constant of decay was determined with the following formula:
where y = post-task AR shift; y 0 = intercept of the decay curve; A = a coefficient; x = time and t = time constant of decay. The data of the NITM after reading task under different visual fields were analyzed with the repeated-measures ANOVA. The two independent variables in this analysis were two visual fields and three refractive error groups. The dependent variables were the post-task AR shifts at 10, 20 and 30 s and the time constant of decay. When significant difference was found by ANOVA, the post-hoc Tukey's HSD and Fisher's LSD were applied to test the difference between the two visual field conditions or the three refractive groups.
Results
Steady-state accommodative response
Steady-state accommodative responses under 2°, 8°Â 6°and 44°Â 23°visual fields were plotted against the accommodative stimuli from 0.26 D to 4.90 D for the three refractive error groups (i.e. ASRC, see Fig. 1 ). The AR gradients were not significantly different either between the visual fields (0.81 ± 0.12, 0.83 ± 0.08 and 0.79 ± 0.07 for 2°, 8°Â 6°and 44°Â 23°visual field, respectively, F = 2.2461, p = 0.1156) or between the refractive error groups (0.82 ± 0.11, 0.82 ± 0.07 and 0.79 ± 0.09 for EMMs, SMs and PMs, respectively, F = 0.4201, p = 0.6612). The intercept of the linear fitting of the ASRC under 8°Â 6°visual field was the smallest across refractive error groups (0.16 ± 0.39 D, 0.06 ± 0.27 D and 0.19 ± 0.28 D for 2°, 8°Â 6°and 44°Â 23°visual fields, respectively, F = 4.2048, p = 0.0201). But the difference in the intercept was not significant between the visual fields within each refractive error group. No significant difference was found in the AR to six levels of accommodative stimuli either between visual fields (F = 0.96233, p = 0.3885) or between refractive error groups (F = 0.97735, p = 0.3892). Third order polynomials were applied to fit the ASRC but still no difference in coefficients was found between the visual fields or between the refractive error groups.
Near-work induced transient myopia
Immediately after 20 min reading, all the refractive error groups exhibited a transient increase in AR to the distant target at 5 m, showing the NITM. The magnitude of NITM at the 10, 20 and 30 s post-task is shown in Fig. 2 . There was a significant effect of refractive error group throughout the three time intervals after Fig. 1 . Accommodative stimulus response curves (ASRCs) were compared between the three visual field conditions (2°, 8°Â 6°and 44°Â 23°) in three refractive error groups (EMM: emmetropes; SM: stable myopes and PM: progressing myopes), respectively. Error bar shows one standard deviation of the mean value. Fig. 2 . The magnitudes of near-work induced transient myopia (NITM) were compared between the 8°and 42°visual field conditions, which were used in the near reading task, and between the refractive error groups (EMM: emmetropes; SM: stable myopes and PM: progressing myopes). The charts represent the data obtained in 10, 20 and 30 s post-task period, respectively. Error bar shows one standard deviation of the mean value. task (10 s: F = 17.209, p < 0.001; 20 s: F = 5.643, p = 0.006 and 30 s: F = 9.037, p < 0.001). Post-hoc analysis (Tukey's HSD and Fisher's LSD) showed that magnitude of the NITM was larger in the PMs than in the EMMs and the SMs in each time interval. Yet no difference was found between the EMMs and SMs. However, the two visual fields, 8°and 42°, used in the near reading task, had no effect on the magnitude of NITM in each time interval (10 s: F = 0.103, p = 0.749; 20 s: F = 1.131, p = 0.292 and 30 s: F = 0.169, p = 0.682).
The decay of the NITM for the three refractive error groups is shown in Fig. 3 . The PMs exhibited a slower decay to the baseline level compared to the EMMs and the SMs. However, there was no obvious difference in the decay course between the 8°and 42°vi-sual field conditions. The time constants of decay (t) are compared between the three refractive error groups under two visual fields (Table 3) . Repeated measures ANOVA analysis showed a significant difference between the refractive error groups (F = 7.942, p = 0.001) but no difference between the visual fields (F = 0.009, p = 0.924). The interaction effect between the visual field and refractive error group was not significant (F = 0.733, p = 0.485). Post-hoc test (Tukey's HSD and Fisher's LSD) showed that the time constant was longer in the PMs than that in the SMs and the EMMs (p < 0.05).
Discussion
Steady-state accommodative response
In this study, ASRCs were compared between three visual fields (2°, 8°Â 6°and 44°Â 23°) and three refractive error groups (EMMs, SMs and PMs). Results showed that visual field has no effect on the steady-state accommodative response. The gradient and the intercept of ASRCs were not different when the subjects viewed the target through different visual fields. The small visual field used in our study limited the visual angle to 2°, stimulating the area of the central fovea, which contains a dense aggregation of cones with few rods (Ogden, 1994) . In earlier studies, this was considered to be the only retinal region that can elicit accommodation (Campbell, 1954; Heath, 1956) . Medium visual field (8°Â 6°) stimulated the near peripheral retina as well as the central fovea. This is consistent with the retinal eccentricity of peripheral target used by Hung and Ciuffreda (1992) , in which the accommodative gain reduced gradually from a retinal eccentricity of 1-4°. A large visual field (44°Â 23°) stimulated a wider region including the central fovea and the far peripheral retina. Gu and Legge (1987) reported robust accommodative gain to the peripheral defocus stimulus until 30°. Thus the comparison between the three visual fields provides us information on the effects of central 2°retina and the combination of central and peripheral retina up to eccentric 22°on the accommodative response.
Previous studies showed that a conflicting peripheral target affects the accommodation to the central fixation target (Baker, 1966; Hennessy, 1975; Hennessy & Leibowitz, 1971; Schober et al., 1970) . But in their experiment, the peripheral target contained more details or provided higher demand of accommodation comparing with the central target. When Hennessy (1975) changed the central target from a small fixation spot to a green cross, only the peripheral target with detail information and high contrast could affect accommodation while a simple dark annular surround had no effect. It seems that when central target lacks adequate details, the peripheral target, even the edge of an aperture can affect the AR. When a central target has enough details to elicit accommodative response, more details in a peripheral target are required to influence the overall accommodative response (Hennessy, 1975; Hennessy & Leibowitz, 1971) . In this study, we provided a combination of central and peripheral stimulus by altering the visual fields. At a distance of 20 cm in the first experiment, the vergence of the target's edge in the largest visual field (44°) was only 0.011 D less than the vergence of the target's center. A smaller visual field and farther distance utilized in the other experimental conditions could cause a less difference between the vergences of the central and the peripheral stimuli. Considering the curved shape of the retina, this difference in vergence to the retinal plane will be even less. Besides, the Maltese cross used as a target provided equivalent spatial frequency cues to the central and the peripheral retina due to the scale factor of the visual sampling on the retina (Swanson & Wilson, 1985; Ciuffreda, Levi, & Selenow, 1991) . Thus, the details of central and peripheral stimuli for accommodation were about the same in this study. Our results showed that there was no difference in the accommodative responses within the three vi- Fig. 3 . Post-task decay courses of near-work induced transient myopia (NITM) were compared between the two visual field conditions(8°and 42°) in three refractive error groups (EMM: emmetropes; SM: stable myopes and PM: progressing myopes), respectively. The horizontal dot line in each chart represents the zero baseline of the pre-task distance refraction. Error bar shows one standard deviation of the mean value. The results of this study do not conflict with that obtained in previous studies on the sensitivity of the accommodative system to the blur stimulus. Blur detection threshold, determined as the least dioptric defocus of the image that can cause the subject to detect the blur, is found to increase as the retinal eccentricity increases (Ronchi & Molesini, 1975) . Later, Wang and Ciuffreda (2004) found the same result in their study of the foveal to near peripheral 8°retina. The less sensitivity to blur in the peripheral retina may explain why the peripheral retina can induce a lower level of accommodative response. Recently, Ciuffreda et al. (2005) found the overall blur sensitivity reducing as the target size increased, suggesting that the blur sensitivity of the peripheral retina might influence the overall blur sensitivity of the retina. In this study, we found that the accommodative response was not affected by different sizes of the visual field. One reason was that the central part of the visual field of the stimulus dominated the contribution of the accommodative response as discussed above. Another possible reason could be that previous authors measured the subjective blur detection threshold, which is also effected by voluntary cognition of the individual. However, the accommodative response might be controlled by the blur sensitivity which is determined by the accommodative control system rather than the perceptual system.
In terms of the effect of refractive error group, no difference was found in the ASRC gradient or intercept among the EMMs, SMs and PMs in this study. Previous studies (Abbott et al., 1998; Gwiazda et al., 1993; McBrien & Millodot, 1986) have reported reduced ASRC gradient in progressing myopes, which is considered as evidence that inaccuracy of accommodation may be a cause of myopia development. But Mutti et al. (2006) recently found that accommodative lags were not different between children who became myopic and those who remained emmetropic in the years before the onset of myopia. Only after the onset of myopia was there a consistently elevated accommodative lag. Their finding suggests that inaccurate accommodation happens after myopia development and may act as a consequence rather than a cause of myopia. In addition, we used positive lens series to provide accommodative stimuli in the study. Gwiazda et al. (1993) found no difference between the three refractive error groups when measuring ASRC by using the positive lens series. Yeo, Kang, and Tang (2006) also found no difference in ASRC gradient between the refractive error groups using three different methods; decreasing distance series, positive and negative lens series. Seidel, Gray, and Heron (2003) got the same result by using a Badal system to present accommodative stimuli. Our results are consistent with these studies. Considering the apparent distance of the target remained the same, the proximal accommodative cues were constant, if they existed. Besides, since proximal accommodation was demonstrated to have an extremely small contribution to the overall accommodation in a close-loop system as in this study (Hung, Ciuffreda, & Rosenfield., 1996; , we do not think that the result of no difference in ASRC was caused by the proximal factor.
Near-work induced transient myopia
This study also showed that visual field has no effect on either the magnitude or the time constant of decay of the NITM. NITM was observed in all subjects but the difference in magnitude or decay rate of the NITM between the two visual field conditions, which were used for the near adaptation, was not significant. This result suggested that accommodative adaptation is not altered by the peripheral retina (>8°). In the first experiment, we proved that the overall ASRCs were not significantly different in different visual field conditions. When we obtained the results from the first experiment, a question was raised as to whether there was a possibility that although the visual field had no effect on ASRCs, it might affect the NITM which represents the accommodative adaptation effect. The results of the second experiment ruled out this possibility.
This study showed that PMs have larger magnitude of NITM compared with SMs and EMMs. This is consistent with the others' studies. The magnitude of NITM was reported by previous studies to be within the range of 0.1-1.3 D (Ong & Ciuffreda, 1995) . Schmid, Hilmer, Lawrence, Loh, and Morrish (2005) reported the NITM after 3-min reading under 15°visual field to be 0.19 D in EMMs, 0.37 D in SMs and 0.36 D in PMs. Their results, along with other studies (Ciuffreda & Wallis, 1998; Neveu & Stark, 1995; Woung, Ukai, Tsuchiya, & Ishikawa, 1993) , suggested that myopes have greater accommodative adaptation compared with emmetropes. In addition, Vera-Diaz et al. (2002) reported that PMs exhibited larger and longer aftereffect of nearwork than SMs. All these findings gave better evidence that residual retinal defocus after prolonged nearwork, as the result of inward shift of far point, may act as an environmental myopigenic factor.
Retinal defocus and development of myopia
Previous studies suggested that long-term, time-integrated, small amounts of retinal defocus would be sufficient to induce modest amounts of axial elongation (Hung & Ciuffreda, 2007; Jiang, 1997; Jiang & Morse, 1999; Jiang & White, 1999; Ong & Ciuffreda, 1995) . Hung and Ciuffreda (1999b) proposed that there is a threshold regulating eye growth and it might be lower than the subjective blur detection threshold. Thus, small amounts of retinal defocus may cause eye elongation without being recognized by the individual. This study tried to find evidence related to the possible mechanism of how peripheral retinal defocus contributes to the development of myopia. It was suggested that larger peripheral retinal defocus may increase overall accommodation or enhance the accommodative adaptation, which causes increased mechanical force exerted by the ciliary muscle on the choroid and possibly indirectly on the sclera (Drexler et al., 1998; Mallen et al., 2006; Mutti et al., 2000) . Our results, however, do not support this hypothesis. Through the two experiments in this study, we found that in the presence of central 2°defocus stimulus, the peripheral defocus from 2°to 44°region did not alter the overall steady-state accommodative response. In addition, the accommodative adaptation induced by the near readings showed no significant difference when the data under two visual field conditions were compared. These results suggest that peripheral defocus input, at least within retinal eccentricity from 2°to 44°, does not influence the overall accommodative functions. In addition, the magnitude of increase in ciliary muscle force driven by accommodation seems too small to cause the elongation of the sclera. Besides, it has been reported in several studies that negative spectacle lenses are able to induce experimental myopia even after ciliary nerve section (Schmid, Strang, & Wildsoet, 1999; Schmid & Wildsoet, 1996) . Thus accommodation might not be the only trigger of axial elongation.
This leaves another possibility that peripheral retinal defocus may influence the development of myopia via a biochemical pathway rather than the accommodative system (Hung & Ciuffreda, 2007) . Scleral stretching has been shown to be a localized feature in animal models (Diether & Schaeffel, 1997; Wallman, Gottlieb, Rajaram, & Fugate-Wentzek, 1987) . It is suggested that growth of the posterior pole of the eyeball triggered by foveal defocus may only cause the lateral expansion of the eyeball, while the stretching of the peripheral sclera in tangential direction can result in the longitudinal expansion of the eyeball. Thus the peripheral retinal defocus may act as a local signal to induce localized growth of the sclera and then push the posterior pole of the eyeball backward (Diether & Schaeffel, 1997; Smith et al., 2005) . The question as to whether the peripheral defocus found in myopia is playing such a localized role as to accelerate myopic eye elongation, or merely is a consequence of eye elongation in myopia requires further investigation.
